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An interesting class of scalar-tensor models, denoted by kinetic gravity braiding (KGB), has
recently been proposed. These models contain interactions of the second derivatives of the scalar
field that do not lead to additional degrees of freedom and exhibit peculiar features, such as an
essential mixing of the scalar φ and tensor kinetic X terms. In this work, we consider the possibility
that wormhole geometries are sustained by the KGB theory. More specifically, we present the full
gravitational field equations in a static and spherically symmetric traversable wormhole background,
and outline the general constraints at the wormhole throat, imposed by the flaring-out conditions.
Furthermore, we present a plethora of analytical and numerical wormhole solutions by considering
particular choices of the KGB factors. The analysis explicitly demonstrates that the KGB theory
exhibits a rich structure of wormhole geometries, ranging from asymptotically flat solutions to
asymptotically anti-de Sitter spacetimes.
I. INTRODUCTION
In modern physics, scalar fields are extremely appeal-
ing as they are ubiquitous in theories of high energy
physics beyond the standard model and are popular
building blocks used to construct cosmological models,
such as in the late-time cosmic speed-up [1, 2]. In the
latter cosmological context, the initial simplest model
consisted of a minimally coupled single scalar field self-
interacting through a scalar potential, and with canonical
kinetic terms, denoted by “quintessence” [3]. An inter-
esting model, described as coupled quintessence, was also
put forward that analysed the consequences of coupling
the field responsible for acceleration to matter fields [4].
In fact, a large number of models presently exist, and we
refer the reader to [5] for more details.
Taking into account the models that abound in the
literature, one may wonder how one should study and
compare them in a unified manner, and determine which
if any is the origin of cosmic acceleration. A particu-
larly useful tool in this direction is the realisation that all
these classes of models are special cases of the most gen-
eral Lagrangian which leads to second order field equa-
tions, namely, the Horndeski Lagrangian [6], which was
recently rediscovered [7]. The Horndeski theory enables
researchers to adopt a unifying framework, and to de-
termine the regions within this general theory that have
appealing theoretical properties. In addition to the need
to adequately fit observations, these properties are useful
in preferring specific regions of the general theory, which
is equivalent to choosing particular models (see [8] for a
recent review).
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In this context, an interesting class of scalar-tensor
models containing interactions of the second derivatives
of the scalar field, that do not lead to additional degrees
of freedom, has been presented. This class of models ex-
hibits peculiar features, such as an essential mixing of
scalar and tensor kinetic terms [9], and has been denoted
by kinetic gravity braiding (KGB). It has been noted
that the braiding causes the scalar stress tensor to de-
viate from the perfect-fluid form [10], and in particular,
the cosmological models possess a rich phenomenology.
It was found that the late-time asymptotic is a de Sit-
ter state, and the scalar field can exhibit a phantom be-
haviour that is able to cross the phantom divide with
neither ghosts nor gradient instabilities.
The study on the growth history of the linear density
perturbation as well as the spherical collapse in the non-
linear regime of the density perturbations has also been
undertaken, which is important in order to distinguish
between the kinetic braiding and the ΛCDM (Lambda
cold dark matter) models [11]. Furthermore, the observa-
tional constraints on KGB from the ISW-LSS (Integrated
Sach-Wolfe–Large Scale Structures) cross-correlation has
also been investigated [12]. Indeed, it was found that the
late-time ISW effect in the KGB model anti-correlates
with large scale structures in a wide range of parame-
ters, which clearly demonstrates how one can distinguish
modified gravity theories from the ΛCDM model using
the ISW effect.
A new class of inflationary models was also recently
presented, consisting of a novel mechanism originating
from a higher derivative KGB of an axion field [13]. It
was found that a huge parameter regime exists in the
model where the axion decay constant could be natu-
rally sub-Planckian. This effectively reduced Planck scale
provides one with the mechanism of further lowering the
speed of an axion field rolling down its potential with-
out introducing a super-Planckian axion decay constant.
Within the KGB class of models, the most general form of
ar
X
iv
:2
00
9.
04
82
9v
1 
 [g
r-q
c] 
 10
 Se
p 2
02
0
2the Lagrangian that allows for cosmological scaling solu-
tions was also found [14]. It was argued that these scaling
solutions may help in solving the coincidence problem,
since in this case the presently observed ratio of matter
to dark energy does not depend on the initial conditions,
but rather on the theoretical parameters. In the con-
text of the two-field measure theory, it was also shown
that KGB models can lead to phantom dark energy, stiff
matter, and a cosmological constant behaviours [15].
Recently, astrophysical compact objects such as hairy
stealth black holes [16] were explored and the perturba-
tions were further studied [17] in shift symmetric KGB.
Static and spherically symmetric wormholes geometries
at the throat have also been analysed in the KGB the-
ory [18]. In fact, in a recent work [18], we considered
the full Horndeski Lagrangian applied to wormhole ge-
ometries and presented the full gravitational field equa-
tions. We analysed the general constraints imposed by
the flaring-out conditions at the wormhole throat and
considered a plethora of specific subclasses of the Horn-
deski Lagrangian, namely, quintessence/phantom fields,
k-essence, scalar-tensor theories, covariant galileons, non-
minimal kinetic coupling, kinetic gravity braiding, and
the scalar-tensor representation of Gauss-Bonnet cou-
plings, amongst others. We argued that the generic con-
straints analysed served essentially as a consistency check
of the main solutions obtained in the literature and drew
out new avenues of research in considering applications of
specific subclasses of the Horndeski theory to wormhole
physics.
In the present work, we build on this analysis, in par-
ticular from the conditions explored in [18], and consider
specific wormhole solutions of the KGB theory. In fact,
wormhole solutions in modified theories of gravity are
particularly interesting, as in General Relativity these
exotic geometries [19–22] violate the energy conditions
[23–29]. Now, it was shown in modified gravity that
one may impose that the matter threading the wormhole
satisfies the energy conditions, so that it is the effective
energy-momentum tensor containing higher order curva-
ture derivatives that is responsible for the null energy
condition violation [30]. Thus, the higher order curva-
ture terms, interpreted as a gravitational fluid, essen-
tially sustain these non-standard wormhole geometries,
that are fundamentally different from their counterparts
in GR [29–48].
This paper is organised in the following manner: In
Sec. II, we briefly present the formalism of the KGB
theory and deduce the field equations in a static and
spherically symmetric wormhole background, that are to
be used throughout the analysis. In Sec. III, we out-
line the general constraints at the wormhole throat, im-
posed by the flaring-out conditions, and consider specific
cases. In Sec. IV, we present specific wormhole solu-
tions in the KGB theory, and demonstrate the existence
of a large class of solutions, ranging from asymptotically
flat solutions to asymptotically anti-de Sitter spacetimes.
Finally, in Sec. V, we conclude and discuss our results.
II. WORMHOLE CONFIGURATION IN THE
KINETIC GRAVITY BRAIDING THEORY
A. Kinetic gravity braiding: Formalism
In this paper, we consider the KGB theory, which rep-
resents a class of scalar field theories minimally coupled
to gravity. The action of the KGB theory is given as
follows1
S =
∫
d4x
√−g
[
1
16pi
R+K(φ,X)−G(φ,X)φ
]
,
(2.1)
where g is the determinant of metric tensor gµν , R is
the Ricci scalar, and K(φ,X) and G(φ,X) are arbitrary
functions of the scalar field φ and the canonical kinetic
term, X = − 12∇µφ∇µφ.
Varying the action (2.1) with respect to the metric gµν ,
one obtains the following gravitational field equations of
the KGB theory:
Gµν = 8pi
[
Kgµν +KX∇µφ∇νφ−GXφ∇µφ∇νφ
−2∇(µG∇ν)φ+ gµν∇αG∇αφ
]
. (2.2)
Furthermore, varying the action (2.1) with respect to φ,
one obtains the equation of motion of the scalar field as
follows
∇µJµ = P, (2.3)
where we have defined Jµ and P as
Jµ = −KX∇µφ+ 2Gφ∇µφ+GXφ∇µφ+GX∇µX,
P = Kφ +∇µGφ∇µφ,
respectively. Throughout this work, we use the notation
Kφ = ∂K/∂φ, KX = ∂K/∂X, etc.
B. Wormhole spacetime metric
Let us consider a static spherically symmetric worm-
hole configuration, given by the following spacetime met-
ric:
ds2 = −A(u)dt2 + du
2
A(u)
+ r2(u)dΩ2, (2.4)
where dΩ2 = dθ2 + sin2 θdϕ2 is the linear element of the
unit sphere, and the metric functions A(u), r(u), and the
scalar field φ(u) are functions of the radial coordinate u.
To describe a traversable wormhole the metric (2.4)
should possess a number of specific properties. In partic-
ular, we have:
1 We use the metric signature convention (− + ++) and units
G = c = 1.
3• the radial coordinate u runs through the domain
(−∞,+∞);
• r(u) has a global positive minimum at the worm-
hole throat u = u0;
• A(u) is everywhere positive and regular, i.e., there
are no event horizons and singularities in the space-
time;
• there exist two asymptotic regions of constant cur-
vature R± : u→ ±∞ connected by the throat.
Without a significant loss of generality one can set
u0 = 0, so that r0 = min{r(u)} = r(0) is the worm-
hole throat radius. Thus, the necessary conditions for
the minimum of the function imposes the flaring-out con-
dition, translated as
r′0 = 0 , r
′′
0 > 0 . (2.5)
These condition will be used throughout this work to
essentially constrain the parameters of the theory.
C. Field equations
Taking into account the spacetime metric (2.4), the
nonzero components of the field equations (2.2) are given
by
2
r′′
r
+
r′2
r2
+
r′A′
rA
− 1
r2A
=
8piK
A
+ 8piφ′2Gφ
−4piAφ′3GX
(
A′
A
+ 2
φ′′
φ′
)
, (2.6)
r′2
r2
+
r′A′
rA
− 1
r2A
=
8piK
A
+ 8piφ′2KX − 8piφ′2Gφ
−4piAφ′3GX
(
A′
A
+ 4
r′
r
)
, (2.7)
r′′
r
+
1
2
A′′
A
+
r′A′
rA
=
8piK
A
+ 8piφ′2Gφ
−4piAφ′3GX
(
A′
A
+ 2
φ′′
φ′
)
, (2.8)
respectively. For practical purposes, we emphasize that
by combining these field equations, one can obtain a set
of equations that is more compact and convenient for
future analysis, given by2:
r′′
r
= −4piφ′2
[
KX−2Gφ−Aφ′GX
(
2
r′
r
− φ
′′
φ′
)]
, (2.9)
2 To obtain Eqs. (2.9)–(2.11) we use the following combinations
of equations: (2.6)−(2.7), (2.6)−(2.7)−2(2.8) and (2.6)−(2.8),
respectively.
(r2A′)′ = 16pir2
[
K −XKX +Aφ′XGX ×
×
(
2
r′
r
+
A′
A
+
φ′′
φ′
)]
, (2.10)
(r2)′′A− r2A′′ = 2, (2.11)
where the kinetic term is given by
X = −1
2
Aφ′2. (2.12)
It is worth noting that (2.7) is a first order equa-
tion and hence represents a differential constraint on the
values of the functions r(u), A(u), φ(u) and their first
derivatives. The two other equations, (2.6) and (2.8),
are of second order. In addition to this, one has a sec-
ond order scalar field equation (2.3), which taking into
account the wormhole metric (2.4) reads
1
r2
d
du
[
r2Aφ′(KX − 2Gφ)− 1
2
r2A2φ′2GX
(
A′
A
+ 4
r′
r
)]
= −Kφ −Aφ′2Gφφ + 1
2
A2φ′3GφX
(
A′
A
+ 2
φ′′
φ′
)
. (2.13)
Equation (2.13) and any two second-order equations of
(2.6)–(2.11) together with the constraint (2.7) represent
a complete system of differential equations describing
static spherically symmetric configurations in the KGB
theory.
III. CONSTRAINTS AT THE WORMHOLE
THROAT
Let us consider the field equations at the throat u = 0,
by setting r′0 = 0. The constraint (2.7) now reads
3
1
r20
= −8pi
[
K +A0φ
′2
0
(
KX −Gφ
)− 1
2
A0A
′
0φ
′3
0 GX
]
.
(3.1)
This relation provides an additional constraint on the
wormhole geometry. Actually, since r20 > 0, then we
obtain the condition
K +A0φ
′2
0
(
KX −Gφ
)− 1
2
A0A
′
0φ
′3
0 GX < 0. (3.2)
The field equations (2.9)–(2.13) at the throat u = 0
can be written in the following form:
r′′0
r0
+ 4piA0φ
′2
0 GXφ
′′
0 = −4piφ′20
(
KX − 2Gφ
)
, (3.3)
3 In order not to overload the notation, here we do not use the
index ‘0’ with the functions K and G. However, one should
remember that at the throat one has K = K(φ0, X0), KX =
KX(φ0, X0), etc.
4r′′0
r0
− 1
2
A′′0
A0
=
1
r20A0
, (3.4)
2A20φ
′2
0 GX
r′′0
r0
+
1
2
A0φ
′2
0 GXA
′′
0 +
[
− 1
2
A0A
′
0φ
′3
0 GXX
−A0φ′20 (GφX −KXX) +A′0φ′0GX + 2Gφ −KX
]
A0φ
′′
0
=
1
4
A0A
′2
0 φ
′4
0 GXX −
1
2
A0A
′
0φ
′3
0 KXX
−1
2
φ′20
(
2A0Gφφ − 2A0KφX +A′20 GX
)
−A′0φ′0(2Gφ −KX) +Kφ. (3.5)
The above equations represent a set of linear algebraic
equations for the second derivatives r′′0 , A
′′
0 and φ
′′
0 . Solv-
ing with respect to r′′0 yields
r′′0
r0
= 2piφ′20
∆r
∆
, (3.6)
where for notational simplicity, we have defined the fol-
lowing factors
∆r = 16piA
2
0A
′
0φ
′5
0 G
3
X + 32piA
2
0φ
4
0G
2
XGφ
−32piA20φ′40 G2XKX +A0A′20 φ′40 GXGXX
−2A0A′0φ′30 GXKXX + 4A0A′0φ′30 GXXGφ
−2A0A′0φ′30 GXXKX − 32piA0φ′20 G2XK
−2A′20 φ′20 G2X − 4A0φ′20 GXGφφ
+4A0φ
′2
0 GXKφX + 8A0φ
′2
0 GφGφX
−8A0φ′20 GφKXX − 4A0φ′20 GφXKX
+4A0φ
′2
0 KXKXX − 16A′0φ′0GXGφ
+8A′0φ
′
0GXKX + 4GXKφ
−4(2Gφ −KX)2 , (3.7)
and
∆ = 24piA20φ
′4
0 G
2
X +A0A
′
0φ
′3
0 GXX + 2A0φ
′2
0 GφX
−2A0φ′20 KXX − 2A′0φ′0GX − 4Gφ + 2KX , (3.8)
respectively. Thus, the flaring-out condition r′′0 > 0 im-
plies the following useful constraints
φ′20 6= 0, (3.9)
and
∆r
∆
> 0, (3.10)
which should be fulfilled at the wormhole throat.
Note that it is not a trivial matter to extract much
information from inequalities (3.2) and (3.10), so that in
the following we will resort to specific cases.
IV. WORMHOLE SOLUTIONS
In this section we will search for wormhole solutions in
a number of specific examples of the KGB theory.
A. Specific case I: K(φ,X) = X and G(φ,X) = f(φ)
Let us consider the following case:
K(φ,X) = X , G(φ,X) = f(φ). (4.1)
In this case, the system (2.9)-(2.11) reduces to
r′′
r
= 4piφ′2(2fφ − 1) , (4.2)
(r2A′)′ = 0 , (4.3)
(r2)′′A− r2A′′ = 2 . (4.4)
Using an appropriate parametrization, we present a so-
lution of Eqs. (4.3) and (4.4) as follows
r(u) = e−µ(u)
√
u2 + a2, A(u) = e2µ(u), (4.5)
where
µ(u) = (m/a) arctan(u/a), (4.6)
and m, a are two free parameters. This solution repre-
sents the well-known Ellis-Bronnikov wormhole [49, 50]
with the metric given by [51]
ds2 = −e2µdt2 + e−2µ [du2 + (u2 + a2)dΩ2] . (4.7)
Taking into account the following asymptotical behav-
ior:
e2µ(u) = exp
(
±pim
a
)[
1− 2m
u
]
+O(u−2),
in the limit u → ±∞, we verify that the spacetime
with the metric (4.7) possesses two asymptotically flat re-
gions where r(u)/|u| → const and A(u)→ exp(±pim/a).
These regions are connected by the throat whose radius
corresponds to the minimum of the radius of the two-
dimensional sphere, r2(u) = e−2µ(u)(u2+a2). The graph-
ical representations of the metric functions r(u) and A(u)
are depicted by Fig. 1(a) and Fig. 1(b), respectively.
To finalize constructing the solution, we need to find
φ(u). To this effect, we substitute the expression for r(u)
given by (4.5) into Eq. (4.2) and obtain the following
solution: ∫
(2fφ − 1)1/2 dφ = F (u) + C, (4.8)
where C is a constant of integration and
F (u) =
(
m2 + a2
4pim2
)1/2
µ(u). (4.9)
It is worth noticing that
lim
u→±∞F (u) = F± = ±[pi(m
2 + a2)/16a2]1/2. (4.10)
Let us consider some specific examples for f(φ).
5(a)Profile of r(u) (b)Profile of A(u)
FIG. 1. Profiles of r(u) and A(u), respectively, given by Eq. (4.5), for the specific case of K(φ,X) = X and G(φ,X) = f(φ).
We have considered the following values for the mass parameter, m = 0, 0.1, 0.3,−0.1,−0.3. See the text for more details.
1. f(φ) = 1
2
λφ
In this case from Eq. (4.8) we find
φ(u) =
F (u)√
λ− 1 , (4.11)
provided that λ > 1.
2. f(φ) = 1
4
λφ2
Taking into account that∫
(λφ− 1)1/2 dφ = 2
3λ
(λφ− 1)3/2,
we find
φ(u) =
1
λ
[
1 +
(
3λ
2
(
F (u) + F+
))2/3]
, (4.12)
provided that λ > 0.
B. Specific case II: K(φ,X) ≡ K(X) and
G(φ,X) ≡ G(X)
In this subsection, we develop the general formalism for
the specific case where the KGB factors depend solely on
the kinetic term. In the following subsections we analyse
particular cases of these factors.
Consider the following:
K(φ,X) ≡ K(X) , G(φ,X) ≡ G(X). (4.13)
For this case the scalar field equation (2.13) reduces to
d
du
[
r2AψKX − 1
2
r2A2ψ2GX
(
A′
A
+ 4
r′
r
)]
= 0, (4.14)
where we denote ψ = φ′. Integrating Eq. (4.14), we
immediately obtain
r2Aψ
[
2KX −AψGX
(
A′
A
+ 4
r′
r
)]
= Q, (4.15)
where Q is a constant of integration. Note that the first
integral (4.15) represents an additional constraint on the
values of the functions r(u), A(u), φ(u) and their first
derivatives. Using this first integral, we rewrite the con-
straint (2.7) as follows
r′2
r2
+
r′A′
rA
− 1 + 4piQψ
r2A
=
8piK
A
. (4.16)
Furthermore, substituting Eq. (4.15) into (2.9), we find
r′′
r
= −2piψ2
[
Q
r2Aψ
+AψGX
(
A′
A
+ 2
ψ′
ψ
)]
. (4.17)
The set of equations (2.11), (4.14) and (4.17) together
with the constraints (4.15) and (4.16) form a complete
system of ordinary second-order differential equations for
the functions r(u), A(u) and ψ(u) (shortly ‘the system’).
The initial conditions for the system are fixed at the
wormhole throat u0 = 0 as r0, r
′
0, A0, A
′
0 and ψ0, where
r(0) = r0, etc. Note that the flaring-out condition im-
poses r′0 = 0. Moreover, using an appropriate rescaling
of the time coordinate t, one can set A0 = 1. The re-
maining three quantities r0, A
′
0 and φ0 are connected by
two constraints, (4.15) and (4.16).
6At the wormhole throat these constraints can be recast
as follows
1
r20
= − 8piK
1 + 4piQψ0
, (4.18)
and
A′0 =
2A0ψ0KX(1 + 4piQψ0) + 8piQK
ψ20GX(1 + 4piQψ0)
. (4.19)
Therefore, the only free parameter of the initial condi-
tions is ψ0.
Solving the system with respect to the higher deriva-
tives r′′, A′′, and ψ′ and taking into account the relations
(4.18) and (4.19), we obtain the following expression:
r′′0
r0
= 4piψ0
∆r
∆
, (4.20)
where
∆r = −2piψ40G3XK +
1
4
ψ20GXK
2
X
+piQψ30
[− 8piψ20G3XK +GXXKXK
+2GXK
2
X −GXKXXK
]
+4pi2Q2
[
ψ40(GXXKXK +GXK
2
X
−GXKXXK) + ψ20GXXK2
−2GXK2
]
, (4.21)
and
∆ = (1 + 4piQψ0)
[
3piψ50G
3
X
+
1
4
ψ30(GXXKX −GXKXX)−
1
4
ψ0GXKX
+piQ
[
12piψ60G
3
X + ψ
4
0(GXXKX −GXKXX)
+ψ20(GXXK −GXKX)− 2GXK
]]
. (4.22)
The flaring-out condition, r′′0 > 0, imposes the following
inequality
ψ0
∆r
∆
> 0, (4.23)
which should be fulfilled at the wormhole throat. The
above inequality imposes restrictions for the values of
ψ0 and, as a consequence, r0 and A
′
0. An additional
restriction on the initial value ψ0 follows from Eq. (4.18).
Demanding the positivity of the right hand side of Eq.
(4.18) yields
8piK
1 + 4piQψ0
< 0. (4.24)
The system of field equations (2.11), (4.14) and (4.17)
supplemented by the conditions (4.18), (4.19), (4.23) and
(4.24) can be analyzed numerically. To this effect, we
further consider several specific examples below.
C. Specific case III: K(X) = X and G(X) = λX
Using the set of equations of the previous subsection,
here we present the results of the numerical analysis ob-
tained for the KGB model (2.1) with K(X) = X and
G(X) = λX.
A typical solution for the radial metric function r(u)
is shown in Fig. 2(a). It is seen that r(u) has the global
minimum, so that a throat exists at u = 0. Far away from
the throat, in the region u 0, r(u) behaves linearly as
r(u) ≈ αu, where α = limu→∞[r(u)/u]. On the other
side of the throat, in the region u < 0, r(u) goes to
infinity at u = u∗, where u∗ < 0 is a numerical parameter
which depends on the initial conditions. The numerical
analysis gives r2(u) ≈ 1/[α∗(u− u∗)] at u→ u∗.
A typical behavior of the metric function A(u) is shown
in Fig. 2(b). Far away from the throat, in the asymp-
totic region u 0 the function A(u) has the asymptotics
A(u) ≈ (βu)2, where β2 = limu→∞[A(u)/u2]. There-
fore, at u  0, the spacetime metric takes the following
asymptotic form
ds2 ≈ −(βu)2dt2 + du
2
(βu)2
+ (αu)2dΩ2, (4.25)
and the corresponding scalar curvature is R = −12β2 +
O
(
(αu)−2
)
. Therefore, the spacetime far from the throat
is asymptotically anti-de Sitter with a constant negative
curvature R = −12β2. Numerical values of the param-
eters α and β depend on the initial conditions at the
throat.
In the vicinity of the throat, the behaviour of A(u) is
more varied and depends on the value of the constant
of integration Q. For Q > Q∗ ≈ 4.5 the function A(u)
increases monotonically within the interval (u∗,∞). In
the case Q < Q∗ the function A(u) is not monotonic. It
first increases monotonically within the interval (u∗, u1)
and achieves its local maximum at u = u1 > 0. Then,
A(u) decreases and reaches a local minimum at u = u2 >
u1.
In the region u < 0, A(u) decreases and goes to zero
at u = u∗. The numerical analysis reveals the following
asymptotic behavior near u = u∗: A(u) ≈ β2∗(u − u∗)2.
Therefore, the spacetime metric can be approximately
written as
ds2 ≈ −β2∗(u− u∗)2dt2 +
du2
β2∗(u− u∗)2
+
dΩ2
α∗(u− u∗) .
(4.26)
One can see that the metric (4.26) has an explicit singular
feature near u = u∗. However, this may be just a coordi-
nate artifact. For example, introducing the new radial co-
ordinate u˜ = ln(u− u∗), one can remove this singularity.
In order to characterize adequately the spacetime geome-
try one must analyze curvature invariants. In particular,
the scalar curvature corresponding to the metric (4.26)
is R = − 32β2∗ +O
(
α∗(u− u∗)
)
. Therefore, the spacetime
in the region near u = u∗ is asymptotically anti-de Sitter
with a constant negative curvature R = − 32β2∗ .
7(a)Behaviour of r(u) (b)Behaviour of A(u)
FIG. 2. Behaviour of r(u) and A(u) in the vicinity of the wormhole throat for the model with K(X) = X and G(X) = λX.
For 2(a), the curves are plotted for λ = 1 and Q = 1, 2, 3, 5; while for 2(b), the curves are given for λ = 1 and Q = 0, 2, 5, 10.
See the text for more details.
Summarizing the results obtained in this subsection,
we conclude that the KGB theory (2.1) with model func-
tions K(X) = X and G(X) = λX admits solutions
describing static wormholes whose throats connect two
anti-de Sitter spacetimes.
D. Specific case IV: K(X) = X + µ2X2 and
G(X) = λX
In this subsection we consider the KGB theory (2.1)
with the model function K(X) being quadratic with re-
spect to X. For this aim, we assume that K(X) =
X+µ2X2 and G(X) = λX. The results of the numerical
analysis are presented in Fig. 3.
More specifically, the radial metric function r(u) given
in Fig. 3(a) has the global minimum r0 at the throat
u = 0. Far from the throat, in the asymptotic regions
R± : u→ ±∞, one has r(u) = ±α±|u|+O(1/|u|).
The typical behavior of the metric function A(u) is
shown in Fig. 3(b). It takes a minimal value at the re-
gion near the wormhole throat u = 0. In the asymptotic
regions R± : u→ ±∞, one has A(u) = β2±u2 +O(1/|u|).
The asymptotic form of the spacetime metric in the
regions R± : u→ ±∞ reads
ds2± ≈ −(β±u)2dt2 +
du2
(β±u)2
+ (α±u)2dΩ2. (4.27)
This metric corresponds to an anti-de Sitter spacetime
with a constant negative curvature R = −12β2±. Numer-
ical values of the parameters α± and β± depend on the
initial conditions at the throat.
It is also worth noting that the behavior of A(u) in the
vicinity of the throat depends essentially on the value of
the integration parameter Q. This behavior is illustrated
in Figs. 4(a) and 4(b). It is seen that for relatively small
values of Q the metric function A(u) possesses a local
maximum, that is, there exists a gravitational “barrier”
near the wormhole throat. The height of this barrier de-
creases for increasing values of Q, and finally disappears
for large values of Q.
Thus, we conclude that the KGB theory (2.1) with the
functions K(X) = X + µ2X2 and G(X) = λX provides
solutions describing static wormholes whose throats con-
nect two anti-de Sitter spacetimes.
V. CONCLUSIONS
In this work, we have continued the research project
initiated in Ref. [18], where we explored a wide vari-
ety of subclasses of the Horndeski Lagrangian models,
namely, quintessence/phantom fields, k-essence, scalar-
tensor theories, covariant galileons, nonminimal kinetic
coupling, kinetic gravity braiding, and the scalar-tensor
representation of Gauss-Bonnet couplings, amongst oth-
ers, and considered the analysis restricted to the worm-
hole throat. In fact, this proved to be an extremely useful
study, as it served as a consistency check for a plethora
of solutions obtained in the literature and indeed paved
the way for new avenues of research related to subclasses
of Horndeski wormhole solutions.
Thus, in this work, following the strategy outlined
above, we extended the analysis of Ref. [18] and con-
sidered the possibility that traversable wormhole geome-
tries were sustained within the kinetic gravity braiding
theory. In this context, we presented the full gravita-
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FIG. 3. Behaviour of r(u) and A(u) in the vicinity of the wormhole throat for the model with K(X) = X + µ2X2 and
G(X) = λX. The curves are plotted for λ = 1, µ = 0.25, 0.36, 0.49, 0.64, 0.81 and Q = 100. See the text for more details.
(a)Behaviour of A(u) for µ = 0.36 and Q = 1, 3, 5, 10 (b)Behaviour of A(u) for µ = 0.81 and
Q = 0.1, 0.3, 0.5, 1, 5
FIG. 4. Behaviour of A(u) in the vicinity of the wormhole throat in the model with K(X) = X+µ2X2 and G(X) = λX. In Fig.
4(a), the curves are plotted for λ = 1, µ = 0.36 and Q = 1, 3, 5, 10; in Fig. 4(b), for λ = 1, µ = 0.81 and Q = 0.1, 0.3, 0.5, 1, 5.
See the text for more details.
tional field equations in a static and spherically sym-
metric traversable wormhole background, and using the
flaring-out conditions we deduced the general constraints
at the wormhole throat. Using this analysis, we then
presented a plethora of wormhole solutions using ana-
lytical and numerical methods by considering particular
choices of the KGB factors. In conclusion, the analysis
carried out explicitly demonstrated that the KGB theory
exhibits a rich structure of wormhole geometries, rang-
ing from asymptotically flat solutions to asymptotically
anti-de Sitter spacetimes.
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